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Abstract: The aim of this work was quantification of the diurnal variation of PM10 
concentrations and the variation in its spatial distribution in the South East Queensland 
(SEQ) airshed with a specific focus on vehicle emissions as a contributing factor. The 
PM10 levels recorded at half-hourly intervals at six monitoring stations over a four-year 
period were used. Levels below 30 μg m-3 recorded at wind speeds less than 2.5 ms-1 and 
during times of clear visibility were selected for the analysis to lower the probability of 
interference from non-vehicular sources. The levels recorded between 2:00 and 5:00 am 
were considered to be the urban baseline and subtracted from the daytime readings to 
obtain a mean difference in concentration between daytime and night time. For a four-
year period this mean difference in PM10 levels estimated for all the monitoring stations 
varied in the range between 3.8 and 6.9 μg m-3. In addition to the diurnal variation in the 
depth of the boundary layer (which was not quantified), vehicle emissions were 
concluded to be the major contributor to this variation. The method used in this study for 
quantification of the diurnal variation and spatial distribution of PM10 provides useful 
information on the influence of motor vehicle emissions on air quality, particularly in 
relation to human exposure. It provides information not directly available using source 
emission inventories, which yield data on the total emissions to the air, and cannot be 
directly translated into concentrations in the different areas of the airshed.   
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distribution  
 
1. Introduction 
 
The variability of pollutant concentrations in an urban environment depends on the 
emission characteristics of the sources and meteorological conditions. This 
variability has a diurnal and a spatial component. The diurnal component gives a 
measure of the variability during the day and the spatial component gives a measure 
of the variability at different locations in a region, as well as the degree to which the 
measurements made at one location in the region is representative of other locations 
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in the same region. The variation in the diurnal component over time due to changes 
in emission characteristics of sources and meteorological conditions leads to 
temporal variability. 
 
In most urban environments, motor vehicle emissions constitute the most significant 
contribution to air pollution and its diurnal and temporal variation, as well as spatial 
distribution in the local airshed. In particular, they have been identified as the 
largest source of PM10, measured using the mass concentration of particles with an 
aerodynamic diameter smaller than 10 μm, in urban airsheds worldwide (Chow, 
Watson et al. 1994), (Jayaratne, T.S. et al. 2002).  
 
The most common way to assess contribution of various sources to diurnal variation 
and spatial distribution of air pollution is by compiling emission inventories or 
using measured data on pollutant concentrations obtained from a network of 
monitoring stations. An emission inventory quantifies emissions from all the mobile 
and stationary sources operating within the boundaries of the city. Such a process 
enables derivation of absolute emission levels for individual sources, as well as 
comparison of fractional contributions to the total amounts of pollutants emitted. 
There are many sources of uncertainty in emission assessment through modelling, 
and also uncertainties as to the spatial dimensions over which the inventory is 
applicable. When considering the contribution from vehicles, there are limitations in 
the availability of all the data necessary to model and quantify emissions, and 
therefore there is a high degree of uncertainty associated with vehicle emission 
inventories, as discussed recently by (Kühlwein and Friedrich 2002). For example, 
(Vogel, Corsmeier et al. 2000) compared measured and calculated motorway 
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emission data and reported that real world emissions were much higher than those 
calculated using emission models. Even a good inventory of vehicle emissions does 
not provide information about vehicular contributions to the diurnal variation in 
concentration of individual pollutants within the airshed, and particularly in areas 
where human exposure occurs. A good understanding of diurnal variations and 
spatial distribution is of critical importance to aid policy decisions on PM10 
abatement strategies directed towards human exposure and risk reduction. 
 
Concentration levels of pollutants depend, in the first instance, on the relative 
contribution of emissions from the relevant sources; but very importantly, they also 
depend on the location and height of the emission release and meteorological 
conditions. Therefore the contribution of specific sources to ambient concentrations 
in the human breathing zone is likely to vary from the relative contribution of the 
sources to the total emissions in the airshed. Measured data from monitoring 
stations is more likely to provide a realistic estimate of this variation than data from 
an inventory. 
 
Spatial distribution of concentrations may or may not be homogeneous within the 
city area and depend on the distribution of traffic. A significant proportion of the 
PM10 in urban areas has been found to be locally derived (Turnbull and Harrison 
2000), with a varying degree of spatial uniformity of PM10 concentrations reported 
for a number of places, e.g.: (Burton, Suh et al. 1996), (Morawska, Vishvakarman et 
al. 2002). Information on spatial variation in the concentration of pollutants is not 
available from total vehicle emission inventories because such inventories usually 
provide data on annual emissions without spatial or diurnal variations. For example, 
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(Lindley, Conlan et al. 2000) reported on the uncertainties in compilation of 
spatially resolved emission inventories.  
 
Several meteorological conditions have an impact on the atmospheric boundary 
layer (lower layer of the troposphere in contact with the earth’s surface) 
contributing to diurnal variation in pollutant concentrations. During the daytime, 
solar heating causes thermal plumes to rise, transporting pollutants, moisture, 
aerosols and heat upwards. This air is replaced by drier air from the free atmosphere 
causing turbulent mixing to produce a well-mixed convective boundary layer with 
nearly constant temperature and humidity. At night time, solar heating ceases and a 
stable layer forms in the lowest part of the atmospheric boundary layer. The 
remnants of the daytime convective boundary layer form a residual layer above this 
stable layer. Therefore at night time the PM10 may consist of the natural background 
plus the unsettled component of the daytime emissions. In addition there could be a 
contribution from secondary pollutants to PM10 concentrations and long range 
transport of PM10 from other regions. While during the day the concentration 
observed depends on the emissions from the different sources in the airshed and the 
variation in concentration depends on the variability of the source emissions. 
  
This paper presents a novel approach to understanding of diurnal variation and 
spatial distribution of PM10 concentrations an urban airshed. This was done using 
the data on PM10 concentrations measured at several stations of the SEQ monitoring 
network operated by the Queensland Environmental Protection Agency (EPA) and 
taking into consideration the influence of vehicle emissions. PM10 data collected 
over a period of four years by six monitoring stations in Brisbane, Australia was 
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used to assess the diurnal variation of PM10 concentration levels and their spatial 
distribution within the urban metropolitan area.  
 
2.  Methods and Techniques 
 
2.1 Brisbane’s topography, meteorology and PM10 emission sources 
 
The southeast corner of the state of Queensland, otherwise called South East 
Queensland (SEQ), has a population of 2.8 million and located within SEQ is the 
states capital city, Brisbane, located at (270 30’ S and 1530 E). The city has a small 
industrial base and a residential area extending 40 km along the coast line to the 
north and south of the city, as well as about 35 km to the west. The western 
boundary of the airshed is defined by a mountain range rising about 700 m above 
the coastal plains approximately 35 km from the city centre. There is also a smaller 
mountain range about 10 km to the west of the city. Ranges with peaks in excess of 
1000 m define the southern boundary of the airshed.  
 
The wind flow pattern in this region is mainly a synoptic flow from the southeast 
and a strong westerly flow for a period of one to two months during winter. There is 
a north-easterly sea breeze occurring all year round. Air parcels from the western 
plateau region are carried to the city region by overnight south-westerly drainage 
flow from the mountain range to the west. Gradient winds from the northwest flow 
due to infrequent synoptic situations. The combination of this north-westerly flow 
and the overnight drainage flow from the southwest could delay the onset of the sea 
breeze to cause recirculation of emissions from the city, which leads to episodes of 
photochemical smog. During the lighter wind periods in autumn to spring, hazard 
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reduction burning takes place in the forests and farming areas outside the city, 
particularly to the west. On such occasions, smoke is carried by the drainage flow to 
blanket the city. 
 
The main contributions to diurnal variation of PM10 pollution in the SEQ airshed are 
from motor vehicle emissions (and also resuspension of road dust by vehicle 
movement), controlled and uncontrolled burning, industrial sources such as a power 
station, oil refineries, an oil terminal and a brewery. A trend analysis of PM10 and 
TSP levels between 1992 and 1996 was reported by (Best 1996) and revealed an 
increase in the annual PM10 maximum concentrations, which was concluded to be 
due to the increase in bush fire activity. TSP for the same period showed a 
decreasing trend.  
 
Traffic activity in the region has been assessed to contribute 70% of particle and 
gaseous air pollution to the total contribution from all anthropogenic sources (thus 
not including controlled burning) (QT 1997). A 50% increase in traffic flow during 
weekdays compared to weekends was found to result in a 70% increase in particle 
number concentration (Morawska, Jayaratne et al. 2002). A 100% increase in 
motorised travel from 1992 to 2011 is expected based on trend studies in population 
growth and transport usage (QT 1997). There is, however, no information available 
regarding the traffic contribution to the actual diurnal concentration levels within 
the region and its different areas.    
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2.2 PM10 database 
The EPA maintains a network of air quality monitoring sites within the SEQ region, 
as shown in Figure 1. Data collected at these monitoring sites have been analysed 
and reported in several publications: (Simpson and Auliciems 1989); (Bofinger 
1993); (Simpson 1994); (Morawska, Thomas et al. 1998), (Morawska, Jayaratne et 
al. 2002). Particle concentration levels are monitored in some of these stations and 
the instruments applied for these measurements are TEOM’s (Patashnick and 
Rupprecht 1991), which for the period covered by this study operated in the PM10 
range. The PM10 levels analysed in this study were recorded continuously at half-
hourly intervals for the period between 1996 and 2001, at six stations including: the 
Brisbane CBD (QUT), Eagle Farm, Flinders View, Helensvale, Rocklea and 
Woolloongabba sites. The QUT station is located within 70 m of a busy freeway 
with the sensors on the roof of a 30 m high building. The Woolloongabba station is 
at ground level, 4 m from a road kerb in a commercial business area close to light 
industry. The Eagle Farm station is at ground level in a busy industrial area (oil 
refineries) close to the Brisbane international airport. The Flinders View station is at 
ground level, 20 m from the kerb in a residential area. The Rocklea station is also at 
ground level, 6 m from the kerb of a busy road in a semi-industrial area. The 
Helensvale station is approximately 100 km south of the Brisbane CBD, close to the 
coast, and is located 4 m above the ground at the local community centre of the 
residential area near a natural reserve. As an example of the data collected by the 
stations, time series of PM10 values recorded over a period of one entire year (1999) 
at the QUT monitoring site is presented in Figure 2. The wind velocities and 
 8 
visibility levels (Bsp) recorded at corresponding half hourly intervals at these 
monitoring stations were also used in the analysis.  
 
2.3 Data analysis 
The data for the analysis covering the period from 1996 to 2001 was obtained from 
the EPA in comma delimited files and transferred to Excel spreadsheets. A dataset 
was constructed as an Excel spreadsheet with monitoring sites as rows and hourly 
PM10 concentration levels, wind velocities and Bsp values in columns.  
 
Data analysis was conducted in two steps. Firstly, a filter to the PM10 data was 
applied to remove (as much as possible) the contributions from non-vehicular 
sources. The vehicle traffic on SEQ roads occurs predominantly between about 5:30 
am and 9:00 pm (except on Friday and Saturday nights when the traffic around 
entertainment centres may be heavy until about midnight) at which time the 
resultant vehicle contribution of PM10 to the SEQ airshed is much higher than 
during the night. The hourly median PM10 levels at each monitoring site were 
examined to determine the exact period during the night when the concentration 
levels reached a minimum, and to determine the trend in the concentrations during 
this identified period. These minimum concentrations were then subtracted from the 
levels measured during the rest of the day on a daily basis to estimate a mean 
difference between daytime and night time levels, and thus to provide an assessment 
of the diurnal variation. Calculations were performed for each monitoring site and 
an annual mean level was determined. 
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Descriptive statistics were obtained using the Excel spreadsheet. Based on the 
hourly trend observed for the median PM10 levels, the period with minimum levels 
was classified as night time and the rest of the time period was classified as 
daytime. In order to characterise the concentrations across the SEQ area, means and 
standard deviations of the filtered and unfiltered PM10 concentrations were 
calculated for each monitoring station for the two time periods. 
 
Two sample student’s heteroscedastic two-tailed t-tests were then performed to 
determine significant differences between the means for time periods at each 
monitoring station. Commonly, the level at which statistical significance is 
determined is chosen to be .05, but in this case, the aim was to make comparisons 
for each of the monitoring sites. The number of tests performed increases the 
likelihood of a significant result being obtained purely by chance. To avoid such an 
occurrence, the level at which statistical significance is determined must be 
adjusted. In this study, a Bonferroni adjustment was used whereby the new 
significance level is determined from α/k, where α is the current level of 
significance and k is the number of tests being performed. Thus a nominal .05 level 
of significance allowing for 12 separate tests yields an adjusted significance level of 
.004, which was used throughout. Computed p values less than .004 were 
considered as a significant difference between the mean values.  
 
3. Results and Discussion 
3.1 Emissions at low wind velocities and high visibility 
As an initial step in data analysis it was important to identify the conditions under 
which the recorded PM10 concentrations are either attributed to the urban 
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background or related to the typical situation of vehicle emissions and resuspended 
dust, with as little influence as possible from other sources. 
 
Thus in the first instance consideration was given to the effect of wind on PM10 
concentrations. The complete database contains PM10 levels recorded under all wind 
conditions, including situations of very high wind speeds, which result in 
entrainment of increased levels of surface dust to the air. The next factor to consider 
was the effect of bush fires on the airshed, which results in the increase of PM10 
levels very often associated with the reduction of visibility. And finally, the effect of 
industrial emissions had to be identified through assessment of the database for 
intermittent high PM10 values well above the usual levels at that time of the day. It 
should be stressed that the rationale for such treatment of the data was that all the 
above sources can, by their very nature, substantially vary in their emissions within 
a short time span without any particular daily, seasonal or any other pattern (for 
example a rapid change in an industrial process or failure in emission filtration 
system, ignition of a combustible material, or arrival of a gust wind). Rapid increase 
in motor vehicle emissions (outside a daily pattern) is, however, not a likely 
phenomenon unless rapid major alterations to traffic routes were imposed. Such 
occurrences were reported only for Woolloongabba during the period covered by 
the study. 
 
The PM10 levels less than 30 μg m-3 that were recorded at wind velocities less than 
2.5 ms-1 and high visibility (Bsp < 15 x 105 m-1) were selected for the analysis in 
order to filter out the data points that were most likely affected by industrial 
contributions, surface dust re-suspended at high wind velocities and contributions 
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from bush fires, respectively. Justification of these boundary conditions imposed on 
the data subset selected for the analysis can be explained using the PM10 time series 
presented in Figure 2 for the QUT station and the frequency distribution presented 
in Figure 3 for all the stations. Inspection of the data presented in Figures 2 and 3 
reveals that at most times the PM10 concentration levels are below 30 μg m-3. This is 
similar to the levels of 25-30 μg m-3 reported by (Harrison and Jones 1995) as 
typical concentrations at sites in the United Kingdom; however, significantly higher 
levels were recorded intermittently in this SEQ study (Fig. 2). The bar for QUT 
(Fig. 3 (a)) is significantly higher in the 10-20 μg m-3 region mainly as result of the 
greater traffic volume in the CBD region with hardly any industries in the 
neighbourhood. Also the bar is least for QUT in the 30-40 μg m-3, indicating that 
the higher volume of traffic had very little contribution to the levels measured above 
30 μg m-3 implying that these levels could be due to transport of emissions from 
industries or bush fires located far off. Also the bar corresponding to Eagle Farm is 
higher for the 30-40 μg m-3 interval and above, due to the location of this station in 
an industrial area. The bar for the same station is lower or of similar height for 
intervals below 30 μg m-3 due to the slightly lower vehicle traffic in this industrial 
region compared to the heavy urban traffic in the proximity of the other two 
stations. It is possible some low level industrial emissions may have also 
contributed to concentrations below 30 μg m-3 at this location. The concentrations 
observed at Flinders View and Helensvale (Fig. 3(b)) at most times are less than 30 
μg m-3 due to being located in residential areas. On the other hand the 
concentrations observed at Wooloongabba have a similar distribution to that of 
Eagle farm (Fig.3(a)) being located in a commercial area with light industry. The 
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contribution from industries is more pronounced here by the bar being much higher 
for levels above 30 μg m-3. It is likely some of the levels measured less than 30 μg 
m-3 may have had contributions from low level industrial emissions.  Based on these 
observations it was concluded that at most times of the day when vehicles are 
present on the roads (other than early hours of the morning) the PM10 concentration 
levels are about 30 μg m-3 or less and the intermittent higher levels observed are due 
to emissions from non-vehicular sources such as industries and bush fires or re-
suspended dust. To exclude such events as most likely non-vehicular contributions, 
a filter was applied for the present study to remove all PM10 concentration levels 
above 30 μg m-3 from the PM10 levels recorded under conditions of high visibility 
and wind velocities less than 2.5 ms-1. The proportion of the data selected from the 
total data through this filtering process at the different sites is shown in Table 1. The 
QUT station shows the highest proportion since it is located in the CBD region, 
experiencing a high concentration of vehicles and far from any industries. The 
proportion was least for Eagle Farm and Woolloongabba sites, since they are 
located close to industries. The Flinders View and Helensvale sites are in residential 
areas with a lower concentration of vehicles compared to QUT, but close to nature 
reserves that are affected by bush fires, as a result the proportion was less. The 
proportions for each site in Table 1 were consistent when compared on a yearly 
basis giving validity to the method of estimating the influence of vehicle emissions 
on diurnal variation.  
 
3.2 Urban night time levels versus traffic contribution periods 
The unfiltered raw data were used to calculate median PM10 at hourly intervals at 
each of the selected monitoring sites for 1999, which is shown in Figure 4a. The 
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median levels at all monitoring stations were found to be the lowest in the time 
period between approximately 2:00 am and 5:00 am. This was mainly due to a 
significant reduction in the number of vehicles on the roads during these hours as 
shown in Figure 4b. Here hourly traffic flow data recorded for two consecutive 
years near the QUT station are shown. The traffic flow decreases to less than 500 
per hour during the 2.00 am to 5.00 am period compared to values in the range of 
3500-5000 per hour during the 7.00 am to 7.00 pm period. The bar chart also shows 
two peaks that compare well with the peaks shown for median PM10 concentration 
levels in Figure 4a. Similarly, the sharp increase in PM10 observed during the 5.00 
am to 7.00 am and the gradual decline observed from 7.00 pm onwards in Figure 4a, 
compare well with the variation in traffic volume during these periods as shown in 
Figure 4b. This is a clear indication that traffic volume plays a significant role in the 
observed diurnal variation of PM10, with industrial emissions having little or no 
effect.       
 
The next step in the data analysis was to investigate whether there was any trend in 
the concentrations present within the identified night time interval. At night time, 
the PM10 may consist of the natural background, the unsettled component of the 
daytime emissions, contribution of secondary pollutants to PM10 concentrations and 
influence of long range transport of PM10 from other regions.  The selected night 
time period is one of high atmospheric stability.  The equations for the trendline for 
daily night time concentrations at the 6 monitoring stations for 1999 are shown in 
Table 2 as an example to illustrate this expectation. It can be seen that the gradient 
of the trendline is approximately zero in all cases, indicating that on average the 
daily night time concentrations are constant at all the locations. This indicates that 
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mean concentrations at any one location do not appear to change during the night 
(as a result of, for example, continuous sedimentation of the pollutant resulting from 
previous day’s emissions or long range transport of pollutants).  
 
Table 3 shows the results of tests of significance conducted to compare the daily 
mean PM10 level between 2:00 am and 5:00 am (night time) with the daily mean 
PM10 level between 5:30 am and 1:30 am (the following day - daytime) for the 
unfiltered and filtered data (less than 30 μg m-3 for low wind velocities and high 
visibility). On the basis of the computed p values being less than .004 and thus 
indicating a significant difference between the means, the minimum PM10 
concentration levels (termed here urban night time levels) were taken as the mean 
levels between 2:00 am and 5:00 am. This so-defined urban night time level is 
expected to consist of several components as mentioned earlier. Whatever the night 
mixture contains, the concentrations are levelled at night and remained constant 
(gradient of the trendline was approximately zero) at each location between 2 am 
and 5 am.  
 
Table 4a shows the mean values computed for this time period on a yearly basis for 
the different stations. These values are an indication of the night time spatial 
variation with little or no influence from direct vehicle contributions. These mean 
values were marginally higher for Eagle farm and Woolloongabba compared to the 
other stations due to their proximity to industries with possible night time emissions 
(the selected daytime values at these locations may also include some contribution 
from industrial emissions as mentioned earlier). The night time mean values were 
subtracted from the mean values during the rest of day for each station in each year, 
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with the differences indicating the diurnal variation mainly due to the influence of 
vehicles and boundary layer effects.  
 
 3.3 Comparison between stations  
The median PM10 levels between 2 am and 5 am vary in the range from 8-12 μg m-3 
across the six monitoring stations (Fig. 4a). This variation is very small compared to 
the variation in the levels observed during the day, which is an indication that these 
minimum concentration levels are more or less consistent throughout the airshed 
despite variations in topography.  
 
Comparison of the median concentration levels shown in Figure 4 indicates that the 
levels at the Woolloongabba station are significantly higher than those at the other 
stations most of the day. This is a result of the station being located in a busy 
commercial area and close to industries. The concentrations during the morning 
traffic peak (about 8 am) are similar for the other stations with the exception of 
Flinders View. In the case of this residential area, the morning rush hour traffic 
contributes much less to the overall concentrations measured at this station. The 
afternoon peak for Eagle Farm occurs an hour before the peak at the other stations 
and reaches a somewhat higher magnitude than the peaks for all the other stations, 
except Woolloongabba. This station is also located close to some industrial plants 
and the time shift in the peak could be due to the industrial workers leaving an hour 
before office workers.  For Flinders View station the median levels shown in Figure 
4a at midday are similar to the urban night time levels measured during the 2 am to 
5 am period. This station is located in an isolated residential area and the traffic 
volume could be low in the area around midday. 
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3.4 Spatial variation due to vehicle contributions 
Table 4b shows the results for daily mean differences mainly due to the influence of 
vehicle emissions obtained by subtracting the daily mean urban night time level 
measured between 2 am to 5 am from the daily mean of the levels measured 
between 5.30 am to 1.30 am the following day at six monitoring sites. The values 
obtained for the t-test shown in Table 3 point to a significant difference between the 
means at all monitoring stations, which justifies this method of estimating diurnal 
variation where vehicle emissions play a predominant role. The difference in the 
diurnal variation observed at different stations shows the extent of the spatial 
variation in the airshed mainly as a result of the difference in vehicle concentration 
at different locations. The boundary layer may have had a small influence on this 
variation due to the changes in the topography. 
 
At QUT, Rocklea, Eagle Farm and Flinders View stations the daily mean 
differences between daytime and night time levels were in the range from 3.8 to 4.7 
μg m-3 for most years except for 2000, when the contribution at Rocklea was up to 
5.3 μg m-3. The estimates for Helensvale and Woolloongabba were calculated to be 
approximately 20% higher. Woolloongabba in particular had an estimate of 6.9 μg 
m-3 in 1998 and showed a steady decline on a yearly basis, down to a level of 4.9 μg 
m-3 in 2001. This monitoring station is located in a busy commercial and industrial 
area as mentioned earlier, and over the past few years measures have been 
introduced to reroute traffic and relocate some of the light industry from this area,   
as a result concentrations decreased to a level that is comparable with estimates for 
other monitoring stations. At Helensvale there is low-level contribution from bush 
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fires that occur frequently in the bushland west of this station being the cause for the 
greater differences observed at this station.  
 
The values in Table 4b are comparable, but slightly lower than 7.6 μg m-3 reported 
by (Lenschow, Abraham et al. 2001) for traffic minus urban background at the 
Frankfurter Allee station in Berlin, Germany. This is not surprising, considering the 
much higher urban density and traffic flows in Berlin (population 3.4 million) than 
in Brisbane (1.4 million).  
 
Comparison of the differences in Table 4b across the different stations shows the 
spatial variation at the different locations to be mainly influenced by vehicle 
emissions. The standard deviations associated with the differences at each station 
showed a high level of consistency, with 75% of the standard deviations falling 
between 2.5 μg m-3 and 2.9 μg m-3 over 4 years for the six stations. This was an 
indication of the extent of the difference between the daytime and night time levels 
in relation to the diurnal variation mainly influenced by vehicle emissions. 
 
4.  Conclusions 
The hourly median PM10 levels at all six monitoring stations showed two clear 
peaks, coinciding with increased traffic activity in the morning and evening. The 
median levels varied depending on the level of traffic activity and contribution from 
industries close to the particular monitoring station.  It was concluded that the PM10 
levels between 2.00 am and 5.00 am represent mainly urban night time levels 
(considered to include natural background, emissions from secondary pollutants,  
long range transport of pollutants from distant sources and unsettled component of 
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the previous day’s anthropogenic emissions). The spatial distribution of PM10 
concentration levels influenced by vehicle emissions (by filtering out data which 
was affected by non-vehicular contributions) at wind velocities below 2.5 ms-1 were 
similar across most monitoring stations except Woolloongabba and Helensvale 
stations. The higher levels of variation at Woolloongabba were due to some low 
level contribution from industries in the locality during the day and for Helensvale 
this was attributed to bush fires in the neighbourhood. At the other stations, despite 
wind direction being a major factor affecting the accuracy of measurements, the 
variability was similar. It is interesting to note that the location of the sensor in 
relation to the local road and its height above ground level had no effect on the 
spatial distribution. In can be concluded that although vehicles are widely 
considered to be the main source of diurnal variation of PM10 in an urban 
atmosphere, the influence of vehicle emissions on the PM10 concentrations in the 
SEQ airshed are relatively low compared with the total concentrations measured in 
SEQ, which is similar to other urban areas e.g. (Harrison and Jones 1995; 
Lenschow, Abraham et al. 2001).  
 
Estimates of this nature presented in this paper are very important in developing a 
better understanding of the influence of vehicle emissions on the concentration 
levels of PM10 in the airshed and its spatial distribution. There is no direct method of 
translating total emissions from different sources of pollutants into the airborne 
concentrations of the pollutants in the various parts of the airshed. Also the relative 
contributions of the sources to the total emissions of specific pollutants are likely to 
be different than their relative contributions to the concentrations of the pollutant at 
different spatial scales and with height. For example, an industrial plant emitting a 
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similar total amount of PM10 as the vehicle traffic in a particular region will have a 
different impact on the PM10 concentrations in this area, since industrial emissions 
constitute point sources elevated tens of meters above the ground, while vehicle 
emissions are more an area source (considering the high density of roads – line 
sources – in large urban environments) with the emissions occurring about a meter 
above the ground.  
 
Information on the influence of vehicle emissions on spatial distribution is useful 
for environmental policy makers and authorities involved in reorganising urban 
transport networks to minimise human exposure to air pollution in populated areas. 
The future direction of this work is towards comparison between the vehicle 
contributions to concentration derived from this study and the contributions 
obtained through a vehicle emission inventory of PM10 that has been compiled for 
the SEQ region. Such comparison would require, however, that a model be 
developed first, which translates emission levels into airborne concentrations within 
the airshed.  
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Table1        The proportion of the data selected from the total data through the 
filtering process at the different sites 
 
 
Year QUT Rocklea
Eagle 
Farm 
Flinders 
View Helensvale Woolloongabba
2001 0.89 0.58 0.53 0.77 0.85 0.53 
2000 0.87 0.54 0.48 0.70 0.80 0.46 
1999 0.91 0.58 0.53 0.79 0.85 0.69 
1998 0.90 0.58 0.45 0.79 0.92 0.58 
1997 0.90 0.55      
1996 0.86           
 
 
 
 
 
 
 
Table 2     Trendline equations for night time (2 – 5 am) PM10 concentrations 
 
Year Station Equation for trendline 
1999 QUT Y =1.0x10-4 X + 9.6 
 Rocklea Y =3.0x10-4 X + 7.5 
 Eagle Farm Y =2.0x10-4 X + 8.6 
 Flinders View Y =2.0x10-4 X + 7.1 
 Helensvale Y =8.0x10-5 X + 8.7 
 Woolloongabba Y =1.0x10-4 X + 10.1 
Y-PM10 levels (μgm-3) at night, X- Time (hrs) 
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         Table 3   Statistical test results on daytime and night time means for 1996 - 2001 
 
 QUT Rocklea Eagle 
Farm 
Flinders 
View 
Helensvale Woolloongabba 
Day time PM10 
5.30am to 1.30am 
      
Mean 16.4 18 20.6 14.8 16.6 26.7 
Std Dev 10.6 13 15.5 9.8 11.8 16.5 
Night time PM10 
2.00am to 5.00am 
      
Mean 12.6 12.6 15. 10.8 11.5 15.7 
Std Dev 7.7 10.4 13.5 7 9 9.6 
P value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
       
Day time PM10-
filtered 
      
Low PM10 levels, 
low wind spd, low 
BSp 
      
Mean 14 14 15.3 12.7 13.5 17.2 
Std Dev 6.2 6.6 6.3 6.2 6.25 6.6 
Night time PM10-
filtered 
      
Low PM10 levels, 
low wind spd, low 
BSp 
      
Mean 11.9 11.8 13.5 10.3 11.1 14.3 
Std Dev 5.7 5.5 5.9 5.1 5.2 6.1 
P value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
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Table 4. Annual Mean PM10 Concentrations  
(a) Night time (2 – 5 am) (μgm-3) 
(b) Spatial differences between day & night, due to vehicle emissions (μgm-3) 
 
 
 
Year QUT Rocklea 
Eagle 
Farm 
Flinders 
View Helensvale Woolloongabba 
2001 12.1+4.1 11.5+4.1 12.7+3.7 10.2+4.0 9.7+3.8 13.5+3.9 
2000 11.8+4.1 10.6+4.5 12.9+4.0 10.8+4.1 11.4+3.7 13.3+3.9 
1999 10.9+4.2 10.2+4.1 10.9+4.2 8.7+3.6 9.7+3.6 12.2+3.9 
1998 11.3+4.2 11.1+3.7 11.9+4.3 9.3+3.8 8.1+3.6 12.2+4.6 
1997 10.4+4.3 11.9+4.0      
1996 10.0+4.6           
 
(a) 
 
 
 
Year QUT Rocklea Eagle Farm Flinders View Helensvale Woolloongabba 
2001 4.6+2.8 4.6+2.7 4.7+2.8 4.4+2.5 5.1+2.8 4.9+2.9 
2000 4.7+2.7 5.3+3.2 4.6+2.8 4.2+2.5 4.6+2.6 5.9+3.0 
1999 4.5+2.8 4.7+2.8 4.5+2.9 3.9+2.2 4.7+2.9 6.0+3.2 
1998 4.3+2.7 4.4+2.7 3.8+2.6 4.2+2.3 5.3+2.9 6.9+3.6 
1997 3.9+2.5 3.8+2.6      
1996 4.2+2.7           
 
(b) 
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Figure 1. Monitoring sites in the SEQ region  
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Figure 2. PM10 concentration levels measured at half hourly intervals - QUT 
monitoring station during 1999 
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Figure 3.  Frequency distribution of PM10 concentrations in 1999 
(a) PM10 distribution at QUT, Rocklea, Eagle farm 
(b) PM10 distribution at Flinders View, Helensvale, Wooloongabba 
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Annual Houlrly Mean Traffic in City Centre Brisbane
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Figure 4. Annual Hourly Particle Concentration Compared to Traffic 
(a) Median PM10 concentration during the day at different monitoring stations, 
1999 
(b) Annual hourly mean traffic (QUT), 1997 - 1998 
 
 
 
 
 
 
